All of our cases of abnormal pulmonary venous connections collected to the middle of 1965 and verified at surgery or autopsy have been reviewed by means of diagrams and tabulations, using a specially devised code to facilitate the survey. The material consisted of 52 autopsy cases (half of them obtained after surgery) and the cases of 72 patients who survived operation. The postmortem group was much younger than the surgical group and differed also from the latter by showing male preponderance as well as relatively many instances of total abnormal pulmonary venous connection and frequently associated cardiac anomalies.
into their relative frequency and mode of origin.
Group Studied
The material consisted of 124 cases. In 52, the diagnosis was verified at autopsy, and in half of these surgery was performed; in the other 72 cases the diagnosis was verified at operation; all of these patients survived.* These two series were kept apart, because marked differences were established. On the other hand, in table 4, the patients who succumbed after operation were grouped together with those surviving surgery, in order to evaluate surgical mortality.
Methods
This material was analyzed in two ways: (1) by arranging a set of diagrams showing the various anatomic patterns of abnormal pulmonary venous connection; and (2) by tabulating the cases of both series in groups according to age, sex, origin of the pulmonary veins, and site of drainage. The analysis proved rather complicated because abnormal pulmonary veins may be connected with various structures, although they all ultimately lead to the right atrium. Also, a considerable difference may exist between the right and left pulmonary veins and between the individual veins of either lung. Moreover, abnormally connected veins may be associated with a variety of cardiac anomalies, ranging from a ventricular septal defect to arterial transposition or atresia of one or more valves.
To facilitate our survey, a code was devised (table 1), whereby details of the anatomic pattern of the pulmonary venous connection could be summarized in a simple formula. This code also indicates the type of interatrial communication (nearly always present in some form, even in partial anomalous drainage) and the existence or absence of a left superior vena cava, which may be complete, that is, continuing into the coronary sinus, or incomplete. The formulae of the individual patterns are given below the respective diagrams. Following these code formulae, the corresponding number of cases present in the postmortem series (P) and the surgical series (S) are stated. The association with other cardiovascular anomalies is indicated by X. They *Anatomic studies were performed in the Laboratory of Anatomy and Embryology (Prof. J. Dankmeijer); all operations were carried out at the Department of Thoracic Surgery (Prof. A. G. Brom). could not be shown in the diagrams, but are listed in table 4 . Displacement or absence of the inferior vena cava was shown only in the diagrams and is not mentioned by code. As the code proved essential for the working-up of our cases and their grouping for tabulation, its formulae are given below the diagrams to identify and summarize the respective patterns; for convenience, however, the diagrams are also numbered.
Concerning the question of nomenclature employed, it should be stated that the terms "high dorsal" defect or "superior caval" defect are preferable to "sinus venosus" defect because they simply indicate location and are not based upon an embryological concept which is not quite correct in our opinion. The sinus venosal part of the right atrium, formed by the incorporation of the sinus venosus into the latter, is larger than the region of the high dorsal defect and, for example, also comprises the site of the less frequent low dorsal defects which border on the inferior vena cava. The same reasoning applies to the term "septum primum" defect, which in terms of descriptive anatomy ought to be called "ventral' or "subseptal" defect (the term "foramen sub- septale" being also used in embryology). Here again, the region of the septum primum is much larger than the area of the so-called "septum primum" defect and in man covers most or all of the so-called "septum secundum" defects as well. Maude Abbott, in agreement with Rokitanski, used the terms "persistent ostium primum" and "ostium secundum." These terms have also been accepted by some modern authors and are less objectionable.
Description of Diagrams
Figures 1 to 4 comprise 43 numbered diagrams by which both our postmortem cases (P) and surgical cases (S) are represented schematically. A few diagrams have been used for two very similar but not identical patterns. They are ABCa2' and ABCa2A2 (diagram 8, fig. 1 ), representing, respectively, a high dorsal atrial septal defect (ASD) and a combined high dorsal and central defect or patent foramen ovale, and again ACa2 and ACaO (diagram 14, fig. 1 ), representing the presence and absence, respectively, of an interatrial communication of the foramen ovale type. On the other hand, in the case of Ba+2 (nos. 17 and 18, fig. 2 ), two different diagrams are covered by the same code symbols, because the code does not indicate the presence of situs inversus. From the two cases of Ba2 (no. 16, fig. 2), only one showed absence of the inferior vena cava (IVC) and from the two cases under Da+2 (no. 32, fig. 3 ), only one showed an additional vein connecting left atrium and common right pulmonary vein (indicated by dotted line). As mentioned, the code formula of the pattern of each diagram, as well as the number of cases belonging to it, are listed underneath. The sequence of the diagrams has been chosen according to the drainage pattern of the right pulmonary veins. In the upper row, diagrams 1 through 4 show patterns with normal right pulmonary veins. Those numbered 1 and 4, respectively, represent partial and total left pulmonary venous drainage into a left superior vena cava (SVC), that persists only in its upper part (Aaf2 and Af2). Diagrams 2 and 3 are Circulation, Volume XXXVIII, July 1968 examples of a simultaneous connection of pulmonary veins to the left atrium and to the left SVC. They differ not only in that AafED2 (no. 2) shows an interatrial communication while in AafEDO (no. 3) the atrial septum is closed. In no. 2 also the left SVC apparently drains directly into the left atrium, although presumably via a common pulmonary vein, and in no. 3 there is a levoatriocardinal vein.3 The latter can be distinguished from a left SVC by its position behind the left pulmonary artery and may be compressed between that artery and the left bronchus. In our case AafffO (no. 3), the levoatriocardinal vein rose behind the left pulmonary artery and drained into a persisting but diminutive left SVC, which took a parallel course downward anteriorly and, although it was unfortunately cut off at the level of the left atrium, probably opened into the coronary sinus (indicated in the diagram by a dotted line). As in the case of Edwards and DuShane3 the levoatriocardinal vein, which did not seem to be compressed, was of great functional importance because the left atrium was closed off by mitral atresia.
The second and third rows of diagrams show partial abnormal right pulmonary venous connection with the right atrium or the adjacent part of the SVC, or both. In one case, ABC <a2 (no. 11), the upper right pulmonary vein actually joined the very last part of the azygos vein before its drainage into the SVC. The left pulmonary veins are normal, except in ABCaf*2A (no. 12), in which the upper left pulmonary vein drains into a completely persisting left SVC. The latter is also present in cases numbered 6, 9, and 10 in figure 1 (code symbol+) where it has no connection with pulmonary veins. Apart from monoatrium, three different types of interatrial communication are shown in this figure, namely, dorsal ASD, that is, central, low dorsal, or patent foramen ovale, (code 2); a special type of dorsal ASD, that is, high dorsal or superior caval ("sinus venosus") defect (code symbol 2A ); and a defect of the sinu-atrial wall (code 4). A combination of different types was present Aaf 2 2PX.lS
ABa+2.4 lPx ABCa2 3S ( 6 ) (7 ) ABCa2" 1PX.32' 
the atrial septum was closed, as stated before.
We have tried to show in diagrams 8 
Second series of diagrams of abnormal pulmonary venous connection. All right pulmonary veins are abnormally connected, that is, to the right atrium (B) or to right atrium and superior venous system (e), the left superior vena cava (f), to the coronary sinus, (g) or to both of the last two (fg). connected to the following structures: right atrium (AB in code), right atrium and superior vena cava (ABC in code), right atrium and inferior vena cava (ABD), superior vena cava only (AC) or, lastly, to the inferior vena cava only (AD). The left pulmonary veins in this series of diagrams are normal (a in code) or connected to the left superior vena cava either in part (af in code) or in full (f in code).
For further details of code symbols and diagrams see table I and text. Each indication of pattern in code is followed by the number of cases it represents, of the postmortem series (P) or the surgical series (S), in both instances with an additional X for complicating anomalies not shown in the diagrams, but listed in ASD is shifted to the right and that the defect has no upper border. The attachment of the atrial septum to the lateral wall is visible from the outside as a dimple that can be easily recognized by the surgeon.4 The SVC overrides the atrial septum and this also applies to a certain extent to the pulmonary veins, which enter the junctional area between the right atrium and SVC. Diagrams 13, 14, and 15 represent three patterns of partial anomalous drainage from the right lung. Case ABDaf*3.4 (no. 13 ) also had anomalous drainage from the left lung and complete absence of the interatrial septum. Figure 2 In diagrams 16 through 20 the left pulmonary veins are connected to the left atrium and the right ones to the right atrium. Diagrams 21 through 24 show all pulmonary veins from both sides connected to the right atrium. Two cases of situs inversus are shown in diagrams 18 and 19. Both have two SVC; in each the one at the right side terminates in the coronary sinus and is, therefore, equivalent to the usual type of persisting left SVC. The code symbol Ba refers to drainage of the right pulmonary veins into the atrium on the right side and the left pulmonary veins into the atrium on the left side, irrespective of the occurrence of situs inversus.
Every type of atrial septal defect is represented in figure 2 : monoatrium (accompanied by a defective sinu-atrial wall) in diagram 20; a ventral (subseptal) ASD associated with a dorsal interatrial communication and a defective sinu-atrial wall in diagram 21. The latter also shows a common pulmonary vein connected to the right atrium between two components of the atrial septum, that is, the
Third series of diagrams of abnormal pulmonary venous connection. All right pulmonary veins are abnormally connected, that is, to the superior vena cava (c in code), to the superior and inferior vena cava (CD), to the superior vena cava and coronary sinus (CG), or, lastly, to the inferior vena cava (D). The left pulmonary veins are normal (a in code), or connected to the superior vena cava (c) or coronary sinus (g).
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In one of the two cases represented by the diagram Ba2 (no. 16), the IVC was absent; this was also true of the patterns of nos. 19, 22, and 24. On the other hand, in no. 17 a double IVC is seen, a large left-sided IVC draining into the coronary sinus and a smaller one, right-sided, draining into the right atrium. In this case the right pulmonary veins faced a large lateral ASD and were considered to drain into the right atrium. The other diagram with the same code (Ba+2, no. 18) shows situs inversus, as mentioned above, and an unusually large dorsal ASD bordering on a monoatrium.
The patterns of nos. 25 and 27 show two
Fourth series of diagrams of abnormal pulmonary venous connection. The right pulmonary veins are connected to the portal venous system (E in code), the left superior vena cava (F), or the coronary sinus (G). The left pulmonary veins are likewise connected to the portal venous system (e), the left superior vena cava (f), to the coronary sinus (g) or to both of the last two (fg). Still another pattern of common pulmonary veins is given in diagram 28 (Cc&0+1.2.4) in which they are shown to be connected with the proximal part of the SVC. In three diagrams, either partial (no. 29) or total (nos. 31 and 32) right drainage into the proximal part of the IVC is shown. One of the two cases represented by diagram Da+2 (no. 32) is of special embryological interest, in that a small communicating vessel was found to connect the right common pulmonary vein to the left atrium. This case, therefore, is an example of a pulmonary venous connection to both a systemic vein (IVC) and the left atrium and in this respect is comparable to the levoatriocardinal vein mentioned earlier. Figure 4 This figure shows in its upper row various patterns of pulmonary venous drainage into the abdomen, that is, into the portal vein and its tributaries. Nearly all of the cases are complicated cases, as indicated by the code letter PX. Case Ef*1.2.4 (no. 35) has an especially primitive pattern, which could not be made sufficiently clear in the diagram. It has however been described previously as a special case.2 (See patient J. M. and figure 4 of the paper in question.)
The other diagrams in figure 4 show connection of pulmonary veins to the left SVC and the coronary sinus. Diagram 37 shows the typical wide arc formed by a dilated left SVC, left innominate vein, and right SVC. Diagram Ff*2 (no. 39) differs only from the pattern just described in that there is a persistent though small communication between the left SVC and the coronary sinus. Diagram Ff*1.2.4 (no. 38) also shows a persisting left SVC, but in this case the pulmonary veins drain in the first instance into a vertical vein, which is analogous to the levoatriocardinal vein in diagram Aaf f30 in figure 1, in that it runs behind the left pulmonary artery (the upper branch of it in this case). In neither of these cases was compression of this vein by the left pulmonary artery obvious at autopsy, although it may have been present during life. As indicated in the code, no. 38 was a complicated case with multiple interatrial communications. Diagram Ff 1.2.4 (no. 40) shows, again in a complicated case, the mirror image of drainage into the left SVC in situs inversus of the heart.
The lower row of diagrams of figure 4 shows different patterns of drainage into the coronary sinus, with and without drainage into a separate or communicating left SVC.
A few remarks have yet to be made and additional information concerning the diagrams has to be given before we can proceed to the analysis of the abnormal pulmonary veins by tabulation.
Interatrial Communication
As shown in the diagrams and in table the atrial septum was completely closed 2, in Table 2 Interatrial monoatrium,r all of which were associated with a defect of the sinu-atrial wall and with other cardiac anomalies. A defective sinu-atrial wall, constituting an indirect interatrial communication by way of the coronary sinus, occurred also in nine other cases of the postmortem series and was always combined with other cardiac defects and with some form of direct interatrial communication (dorsal ASD three times, ventral and dorsal ASD six times). The six cases of ventral ASD, the only ones present in our material, were always part of an endocardial cushion defect (that is, associated with VSD). Dorsal ASD was divided in table 2 into high dorsal (that is, sinus venosus) and other dorsal defects because of the frequent occurrence of the former in the surgical series and its characteristic pattern with connection of upper and middle right pulmonary veins to the junctional area of SVC and right atrium. The cases of patent foramen ovale and of septal defects in this area were included in the residual group of dorsal defects. It was felt that the variations in patency of the foramen ovale and in size of the dorsal, including central, defects were such, that a further differentiation would serve no practi-cal purpose, since -there are no essential differences either from an anatomic or an embryological point of view. This also applies to the conductive system and therefore to the electrocardiographic pattern.5
Persisting Left Superior Vena Cava
In a previous paper2 it was stated that abnormally connected pulmonary veins had always been found to use, at least in part, a persisting left SVC, if this vessel was available. In our present, larger material this proves to be incorrect (table 3) , at least insofar as a complete left SVC, that is, with continuation into the coronary sinus, is concerned. As a matter of fact, more instances of complete left SVC were found without than with connected pulmonary veins. For incomplete left SVC (persisting upper part) the earlier statement still appears to apply. Table 3 also shows the three ways in which a left SVC, which on embryological grounds can be expected to drain into the right atrium via the coronary sinus, may be connected to the left atrium. Apart from the cases of monoatrium, these three types of connection are:
(a) through a defective sinu-atrial wall; (b) via pulmonary veins, as shown in figure  1 , diagram 3;
(c) in situs inversus of the heart, with left and right SVC, in which the left-sided Abbreviations: X = associated cardiovascular anomalies; a = monoatrium in 1 case; b = connected to left atrium via defective sinu-atrial wall in 2 cases; c = monoatrium in 3 cases; d = connected to left atrium via defective sinu-atrial wall in 5 cases; e = situs inversus with right and left SVC in 2 cases; in one of these, right-sided SVC connected to right-sided atriurn via sinu-atrial wall; f = connected to left atrium via pulmonary veins in 2 cases.
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Associated Anomalies
The anomalies complicating the abnormal pulmonary venous connection that are not shown in the diagrams (as are interatrial communications, left SVC and absence of IVC) have been assembled in table 4. In this table all cases are listed which have been marked X in the code. The list of abnormalities encountered includes various combinations or solitary occurrence of the following: double outlet ventricle, endocardial cushion defect, or complete common A-V canal, transposition, corrected transposition, atresia, and stenosis of one or more valves (often of both valves, either of the right or the left heart), VSD, anomalies of the pulmonary artery and of the aortic arch, patent ductus (not listed if patient was younger than 1 year of age), situs inversus, and splenic aplasia (four cases) or multiple spleens (two cases). Splenic anomalies are certainly rated too low, because there was no information about the spleen in several cases. No correlation was found with the type of anomalous pulmonary venous drainage, except in the case of right pulmonary venous drainage into the IVC with arterial and bronchial anomalies of the right lung.
A few more anomalies such as truncus arteriosus, cor biloculare, and cor triloculare biatriatum have been described by Burroughs and Edwards.6 These authors, reviewing the material from the Mayo Clinic and from the Circulation, Volume XXXVIII, July 1968 collected literature of total abnormal pulmonary venous drainage, found an incidence of major cardiac malformations in 66 of 188 cases (35%). In our material, including some lesser and extracardiac anomalies, the incidence of total abnormal drainage (comprising our surgical cases) was 18 of 38 (almost 50%). If one takes total and partial abnormal drainage, our figure for the postmortem series is 36 of 52 (70%); for the surgical series, one of 72 (a little more than 1%), and for both series together, 37 of 124 (30%).
Tabulation of Abnormal Pulmonary Venous Pattern
Age and Sex Distribution
In the first place we have arranged our cases according to age and sex (table 5), taking separately the postmortem series, divided into nonoperative (A) and operative (B), and the surgical series, that is, the patients who survived operation (C). It is evident that there is a sex difference (male preponderance) in the postmortem series, whether operated on or not, which is missing in the surgical series. As noted in table 5, in three nonsurgical postmortem cases the sex was not known, owing to the fact that the heart was received without clinical information. In table 5 the postmortem series (both A and B) contains practically no cases of persons older than 6 years, whereas the opposite is true for the surgical series. The youngest ages are mainly found in part A of the postmortem series. It is likely therefore that the sex difference is confined to the youngest age group and that the mortality of Table 6 shows the division of cases into total (A) and partial (B) abnormal pulmonary venous drainage, and into two age groups (under 6 years, and 6 years of age and over), with their respective surgical mortality. In table 6 divisions B and C of table 5 are taken together. It is clear that mortality is much higher in total than in partial anomalous drainage. It also appears, however, that in both instances the mortality rate is related to age and to frequency of associated anomalies, two factors that cannot be separated in our material, because both mortality and frequency of complicating defects are highest in the younger age group. The surgical mortality rate will be discussed more fully later on.
Also listed in table 6 is the site of the abnormal connection for our cases of total abnormal drainage. It should be noted that a division into five groups is used, instead of the seven appearing in the code of table 1 and shown in the diagrams of figures 1 to 4. The right SVC and right atrium have been grouped together in table 6, as well as the left SVC and coronary sinus. It is true that the differentiation between right SVC and right atrium and also between left SVC and coronary sinus may be of importance from a diagnostic and surgical point of view. Nevertheless, the right SVC and right atrium and likewise the left SVC and coronary sinus are embryologically, and therefore anatomically, closely related, because they originate respectively from the right and left duct of Cuvier with the corresponding horn of the sinus venosus. In high dorsal ASD, part of the right pulmonary veins enter the junctional area of SVC and right atrium rather than either of these two separately. Similarly, the left SVC and coronary sinus are often connected by a fibrous cord or are in open communication.2 When pulmonary veins enter one or both of them while the communication is patent, it may sometimes prove difficult to differentiate between them as to the actual site of drainage (that is, diagrams nos. 12 and 13, fig. 1 ; no. 29, fig. 3 ; and no. 43, fig. 4 ). It appears, therefore, that from an anatomic and embryological point of view this reduction of groups to five only is justified. On the other hand, the separation between the abnormal connection to the IVC and to the portal venous system is retained (table 7) in contrast to some reports in the literature in which they are taken together under the heading "infradiaphragmatic." Here the anatomic and embryological difference is obvious as is also the hemodynamic distinction, in that the connection with the inferior vena cava occurs close to the right atrium, whereas in drainage into the portal vein and its tributaries the liver is interposed. Localization The last table (table 7) shows all cases of abnormally connected pulmonary veins arranged according to their origin and site of connection. The latter is indicated as one of the five groups listed in table 6. With respect to their origin, the abnormally draining pulmonary veins were grouped as follows: all veins abnormal, all right or all left veins abnormal, part of the right or part of the left veins abnormal, and finally, part of the veins of both lungs abnormal.
From table 7 it is evident that the right atrium-SVC connection was by far the most frequent site of drainage in partial abnormal connection. This was mainly due to the many cases in the surgical series in which some of the right pulmonary veins (but none of the left ones) were abnormally connected, usually in conjunction with a high dorsal ("sinus venosus") ASD. In total anomalous drainage, however, left SVC-coronary sinus drainage was found most frequently, particularly in the postmortem series. Drainage into the portal system was found only in the postmortem series and with total anomalous drainage, one of the cases being listed under "different abnormal connections R. and L" (diagram Ef* 1.2.4, no. 35, fig. 4 ). The other cases of this "'mixed" group are shown in diagrams ABCaf* 2A (no. 12) and ABDaf*3.4 (no. 13) of figure 1, both representing partial anomalous drainage, and in CDg*2 (no. 29) and CGg2 (no. 30) of figure 3, representing total abnormal drainage. Connection of the left or of all pulmonary veins with the IVC did not occur in our material, although it has been reported by others.69 Drainage of all or part of the right pulmonary veins into the IVC was seen chiefly, but not exclusively, in our postmortem series. This includes two cases of the mixed group just mentioned, ABDaf*3.4 and CDg*2 (diagrams 13 and 29, respectively). Abnormal connection of left pulmonary veins, either all or part of them, was much less frequent than that of right pulmonary veins. The left veins were chiefly abnormal if the right pulmonary veins were also abnormally connected. Moreover, in the few cases in which the left veins alone drained abnormally or were connected differently from the right pulmonary veins, they drained always into the left SVC, into the coronary sinus, or into both (table 7 and figs. 1 to 4).
On the other hand, right anomalous pulmonary venous drainage into the left SVC-coronary sinus was found only in total abnormal drainage, that is, together with the left pulmonary veins. Drainage into other sites, however, of all or part of the right pulmonary veins was seen in the presence of normal, or elsewhere draining left pulmonary veins. This occurred particularly often with drainage of the right pulmonary veins into the right atrium via the SVC. Drainage into the portal system without left pulmonary veins was seen only once, that is, in the case Ef*1.2.4 (diagram 35) cited earlier. In the diagrams of figures 1 to 4 one feature is visible that cannot be learned from table 7, viz., that in partial abnormal drainage the upper right pulmonary vein, if abnormally connected, tended to drain into the SVC and the lower one, under similar circumstances, into the IVC. Correspondingly, the upper left pulmonary vein, if it drained abnormally and differently from other veins, was connected to the left SVC or, via its remnant, to the left anonymous vein, while the lower left one was connected to the coronary sinus.
Summarizing
If all pulmonary veins together were abnormally connected, they might drain into each one of the possible sites. If all pulmonary veins of the right lung alone drained abnormally, the connection might be to all groups mentioned in tables 6 and 7, except for the left SVC and coronary sinus, which are typical left-sided drainage channels. If single pulmonary veins, either of the right or of the left lung, connected abnormally, Circulation, Volume XXXVIII, July 1968 they did so with the nearest systemic vein available or, in the case of the right lung, with the right atrium.
Discussion
For purposes of simplification, as mentioned previously, the types of interatrial communication, as listed in table 2, are not taken into consideration in tables 5 to 7. Admittedly, from a clinical point of view a large atrial septal defect or a single atrium is more important than an abnormal connection of one or more pulmonary veins. However, our cases of monoatrium and of ventral ASD were always associated with other cardiac anomalies as indicated by X in the code and listed in table 4. Moreover, both monoatrium and ventral ASD were always combined with a sinu-atrial defect, while ventral ASD was never seen without VSD and in addition other types of interatrial communication. The prognosis of these cases, therefore, depended to a large extent on other factors.
The sex difference in the youngest age group shown in table 5 is not generally apparent from the literature. However, Hastreiter and associates'0 found their group of total anomalous pulmonary venous connection with obstruction to consist almost entirely of males. This very young group with a very bad prognosis contrasted with their group of total anomalous connection without obstruction, which showed nearly equal sex distribution.
The surgical mortality in the youngest age group, particularly in cases of total anomalous drainage, was very high indeed. Most of the operations listed in table 3 date from an earlier phase of surgery, but a recent report by Cooley and associates8 shows that mortality is still considerable, although great improvement is being achieved. Moreover, it should be noted that operation was performed also in some complicated cases (table 4). The diagnosis in these cases was usually incomplete. Therefore, the operations were for the concomitant lesion, which was not always fully known. The abnormal pulmonary veins were then an accessory finding at operation. Occasionally, however, the complicating lesion was discovered during an operation for abnormal pulmonary venous connection.
Conclusions can best be drawn from tables 5 to 7 and from the diagrams of figures 1 to 4 after recalling some basic embryological facts:
The pulmonary veins develop from a bud sprouting from the posterior wall of the still undivided atrium just to the left of the position where the upper part of the atrial septum is going to be formed out of its three constituent parts, that is, septum primum to the left, left venous valve to the right, and between them the septum secundum which develops a little later as an ingrowing fold ( fig. 5 ).
From this it can be seen that a slight displacement of the common pulmonary vein with regard to the atrial septum or vice versa can result in the connection of this pulmonary vein with the right atrium, or else in its overriding the septum (diagram Ba+2, no. 18, fig. 2 ), or even in a position between the parts of the atrial septum, as seemed likely in one of our specimens (Bb0+1.2.4, no. 21, fig. 2 ).
When the pulmonary vein grows, it divides into two parts and enters the developing lung. The first two divisions give rise to four venous branches; the main stem dilates into a pulmonary venous space and is gradually absorbed into the left atrium. It is likely, although this and other intermediate stages have not been observed, that this process of absorption into the atrium, if combined with a small displacement as mentioned above, may lead to a partial anomalous connection. The initial fonnation of a pulmonary venous space, if it is insufficiently absorbed into the atrium, may also lead to a separate venous chamber, communicating with the atrium by way of a more or less narrow opening. In most cases this "third atrium" is connected to the left atrium, thus constituting the wellknown pattern of cor triatriatum. Sometimes, however, it communicates with the right atrium as a result of the above-mentioned shift of the pulmonary venous origin and occasionally this third atrium is not connected to either left or right atrium.1' It is not known whether the puhnonary veins form their own peripheral pulmonary venous and capillary bed during the further development of the human lung or if they make use of an already existing vascular network. In any case this network is found early in the development of the lung and is connected to the splanchnic venous plexus, which is not surprising in view of the enteric origin of the lung. The main efferent pathways of the splanchnic plexus, the cardinal, the umbilical, and the vitelline veins, are therefore potential drainage channels for the pulmonary venous system. They provide collateral pathways, if obliteration of the common pulmonary vein or its branches occurs in an early stage of embryonic life. In the three cases of atresia of the common pulmonary vein reported by Lucas and associates"l and referred to above, the obliteration presumably Circulation, Volume XXXVIII, July 1968 occurred too late to allow an abnormal pulmonary venous connection to develop.
In view of these embryological considerations and the already reviewed findings from the diagrams and tables, it is possible to take a comprehensive view of the possible pathogenesis of abnormal pulmonary venous connections. Two mechanisms of abnormal development have to be considered, which in turn lead to two different types of anomalous connection.
1. A shift of the original common pulmonary vein with regard to the atrial septum (or vice versa) may lead to drainage into the right atrium or the adjacent and embryologically related structures, for example, the proximal part of the SVC. If the shift is less complete and connection occurs between the components of the atrial septum (as was probably the case in BbE±+1.2.4, diagram 21, fig. 2 ), drainage into the right atrium will again result. A still less complete shift causes the pulmonary vein to override an atrial septa] defect without upper border.
If the common pulmonary vein does not persist as such but is absorbed wholly or in part in the still undivided atrium, then a similar shift can lead to connection of all pulmonary veins individually to the right atrium. If the shift is smaller, the result is partial abnormal connection of some or all right pulmonary veins to the right atrium or its junction with the SVC, and of the left pulmonary veins (sometimes together with one of the right veins) to the left atrium.* As shown in the diagrams and in table 7, this is a common occurrence in our surgical series. In many cases of high dorsal ASD this abnormal connection is possibly associated with *It is interesting to note that in the situs inversus cases Ba+2 and Ba+2.4 (nos. 18 and 19, fig. 2) the left pulmonary veins are connected to the leftsided atrium and t-he right ones to the right-sided atrium, although structurally the left-sided atrium corresponds to a normal right atrium and vice versa. The position of the atria and the proximity of the right and left lungs, respectively, are apparently more important than the structural type in determining the pulmonary venous connection.
Circulation, Volume XXXVIII, July 1968 a primary abnormal development of the atrial septum itself. (Compare its position with regard to the SVC and its peculiar attachment to the lateral wall, mentioned earlier.) means a lesser length of pathway exposed to a process of obstruction or fibrous change.
Finally, as was pointed out earlier and shown in the diagrams, it is apparent from the anatomic patterns of single abnormal pulmonary veins that there is a definite preference to use the shortest pathway to a systemic channel: right upper vein to SVC, lower one to IVC; left upper pulmonary vein to left SVC, lower one to coronary sinus. Even in total but discordant abnormal connection, the same proximity principle is found regarding the left pulmonary veins, which drain into left SVC or coronary sinus (see diagrams CDg*2 and CGg2 [nos. 29 and 30, fig. 3 ] and Ef*1.2.4 [no. 35, fig. 4 ]). The same pattern applies to partial mixed abnormal connection: see diagrams ABCaf*2A and ABDaf*3.4 (nos. 12 and 13, fig. 1 ). Conclusions 1. The postmnortem series comprises chiefly infants and young children. It shows male preponderance; abnormal connection is often complete, and there are many associated anomalies (36 of 52 cases). In contrast the surgical series is older, presents virtually no associated anomalies, no sex difference, and comparatively few total abnormal drainage cases. High mortality both after and without operation seems to be related to young age and total anomalous drainage.
2. In partial anomalous connection there is a definite predominance of abnormal right pulmonary veins over left ones (80 and eight, respectively, in our material).
3. Solitary abnormal pulmonary veins, both from the right and left lung, appear to be connected to the nearest main systemic venous channel or, in the case of right pulmonary veins, the right atrium (in situs inversus, the right-sided atrium). These main venous channels are for the right upper and lower pulmonary veins the SVC and IVC, respectively, and for the upper and lower left pulmonary veins the left SVC and the coronary sinus.
4. Total abnormal pulmonary venous drainage may occur into any of these sites as well as into the portal venous system, although total drainage into the IVC was not observed in our own material. Most frequent is the connection of a common pulmonary vein to the left SVC and (or) the coronary sinus. 5. A tentative embryological explanation of the connections of abnormal pulmonary veins can be given on the basis of (a) the embryonic development of the primitive pulmonary vein and the atrial septum, and (b) of the principle of preference for the shortest pathway as applied to the anastomoses between pulmonary veins and splanchnic plexus. 6 . In nearly all cases some type of interatrial communication was found. Monoatrium was always combined with sinu-atrial defect and with other cardiac anomalies. This also applied to endocardial cushion defect, which was moreover always associated with a dorsal atrial defect or patent foramen ovale. Both monoatrium and endocardial cushion defect were only present in the postmortem series.
7. Persistence of the left SVC in association with abnormal pulmonary drainage appears to be rather frequent. However, whereas in our material a partial persistent left SVC always received some pulnonary veins, a complete left SVC (continuing into the coronary sinus) often did not.
These conclusions can be considered to be in general agreement with the reports of others (compare the recent reviews of Hud-son15 and of Wagenvoort and associates,16 except for occasional findings already cited,7 9,17 which cannot be explained in this way without further assumptions.
